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Introduction

24
Municipal solid waste (MSW) consists mainly of waste from households (60-90%), 
35
Pyrolysis technology has emerged not only as a very effective way of MSW disposal 36 but also as an attractive technology for valorising these residues by producing fuels or 37 precursors of valuable chemicals, such as syngas (CO + H 2 ). As an example, the 38 SYNPOL project [3] aims to produce new biopolymers via the fermentation of syngas 39 from waste materials.
40
Several studies have been carried out on MSW pyrolysis [4] [5] [6] [7] . In general, the syngas 41 content of the gas fraction produced in pyrolysis processes is not very high, since it is 4 pyrolysis temperature and in turn in to higher solid fraction yields. All of these studies 73 were focused on maximising the liquid fraction yield. However, to the best of our 74 knowledge, no studies have been aimed at maximising the gas fraction yield. 
Materials and Methods
81
Materials
82
The sample selected for this study was an organic fraction from a municipal solid waste, The gases were analysed in a Varian-CP3800 gas-chromatograph equipped with a TCD total syngas production.
128
The volatiles released from the pyrolysis of both organic fractions were passed through Table 2 .
158
The experimental results for D and W were fitted using a polynomial quadratic equation term ( ), the linear effects ( , ) the squared effects ( , ) and the interaction term ( ): The main objective of this study is to characterise the syngas generated by the To statistically quantify the influences of the P and A factors, ANOVA tests were 187 performed. In Table 3 the absorbent-to-waste ratio (A) has a significant effect on S with a p-value of 0.0012. In 193 the case of the syngas production model, the terms P and A were found to be significant 194 factors too. 
198
From the surface plots of the regression models ( Fig. 1(a) 
206
To investigate the fit of the model, the R-squared and Adjusted R-squared values were 207 evaluated. As can be observed in 
Gas component models
226
The response surface models corresponding to the major components of the gas fraction 227 (i.e. H 2 , CO, CO 2 and CH 4 ) are shown in Fig. 2(a)-(d) . From the trends of these models,
228
it can be seen that the concentrations of the most valuable components (H 2 and CO) 229 were favoured by the power irradiated at the sample. As observed by Hu et al. [16] , the 230 higher the microwave power is, the higher the temperature reached inside the bulk,
231
since both the microwave density and the microwave energy absorbed by the bulk 232 increase. As a consequence, the endothermic reactions leading to the formation of 233 syngas are favoured [9] . On the other hand, the addition of absorbent to MSW seems to 234 have little effect on the gas concentrations. To assess the effects of both factors more 235 effectively, the following regression models for H 2 , CO, CO 2 and CH 4 (vol.%) were From Fig. 2(b) -(c) it can be observed that the maximum CO 2 concentration corresponds 265 to the conditions at which the CO concentration is minimised (low power and a high quantity of microwave absorbent) and vice versa. This behaviour could be due to the 267 fact that, as A increases, the bulk temperature decreases as stated in another study by 268 Salema and Ani [17] and that the lower power leads to lower temperatures, shifting Eq.
269
3.7 to the side of reactants since it has an endothermic enthalpy (173 kJ mol -1 ).
270
Finally, in the CH 4 model (Eq. 3.6), P is the only significant factor since it has p-value 271 of 0.0044, and its trend is similar to that of the CO 2 model. Endothermic reforming 272 reaction of methane (Eq. 3.8) is favoured at high power and so CO and H 2 production 273 from these reactions is greater.
From the mathematical models presented above (Eqs. 3.3-3.6), it can be seen that the 276 microwave power has a positive effect on H 2 and CO production, but a negative effect 277 on the production of CO 2 and CH 4 . Moreover, the addition of larger quantities of 278 absorbent to MSW inhibits the production of CO but favours the production of CO 2 .
279 Table 4 shows that factor A has no significance for the H 2 and CH 4 response variables in 280 the experimental set-up employed in this study. Anyway, it would seem that the 281 hydrogen model would not represent the physical process very well since the absorbent 282 would modify the pyrolysis temperature and, hence, affect the production of hydrogen.
283
As scale-effects may be masking this point, larger scale experiments are being carried 284 out by our research group.
285
An interesting point in relation to the quality of the syngas produced is the H 2 /CO ratio,
286
especially in regard to its future use. For example, in the case of methanol synthesis 287 from syngas, a H 2 /CO ratio of around 2 would be the ideal [21] . In this work, it was 3.9-3.10) and the reforming reactions (Eq. 3.11-3.12), leading to an enrichment in H 2 ,
296
CO or CO 2 depending on the experimental conditions.
The MIP experiments on W were conducted at both low and high power (150 W and 302 450 W). In addition, the quantity of microwave absorbent was evaluated along with M, 303 using A ratios of 0.2:1 and 1:1, as shown in Table 2 . The results of the analysis of the 304 gas fraction for these cases are reported in 
327
There is also a marked difference between these values at 150 W, since the W fraction produces much more syngas than fraction D (45% higher) when a 1:1 ratio is employed.
329
Once more, these values converge at a ratio of 0.2:1, the wet fraction producing 25% 330 more syngas than the dry fraction. This suggests that moisture content favours the 331 production of a greater amount of gas, an impression that is confirmed by the results in 332 Table 5 . This is an interesting point since it implies that the drying and pyrolysis
333
processes of MSW could be integrated in the MIP process to increase the production of 334 gas.
335
Both the quantity of absorbent and the moisture content influence the gas composition.
336
However, in the case of the wet fraction the amount of absorbent added has a much 337 greater influence. Hence gasification of the char from the wet fraction is bound to occur.
338
At 150 W, a greater increase in H 2 and CO 2 is observed at a ratio of 1:1 than at 0.2:1.
339
However, at 450 W the CO 2 concentration decreases as CO is produced due to the 340 increase in the quantity of absorbent. Thus, it may be assumed that the Boudouard 341 equilibrium (Eq. 3.7) is controlling the process in these conditions. In contrast, the 342 syngas production results reported in the above paragraph suggest that the addition of 343 more microwave absorbent to the wet fraction improves the production of syngas,
344
which is not the case with the dry fraction. Once more, this evidences the importance of 345 the char gasification reactions. 
Conclusions
347
This study has demonstrated the possibility of recycling the char obtained from 
